Abstract.Polymeric nanocomposites have gained importance in the material properties to provide enhanced performances such as electrical and mechanical properties. One of the targets in this field is to obtain new materials with improved dielectric properties for High Voltage (HV) insulation application. In general, the good insulator must have low conductivity level. This paper presents the outcome of an experimental study to find the conductivity level of LLDPE-Natural Rubber (NR) compound filled with different amount of nanoparticles of SiO 2 and TiO 2 by using Polarization and Depolarization Current (PDC) measurement technique. PDC measurement is an efficient and effective insulator diagnostic technique based on time domain measurement to monitor the dielectric behaviour. The experiment was conducted to find PDC pattern and conductivity variations of each new sample. The results show that the addition of SiO 2 filler exhibited in less conductivity compared to TiO 2 filler with certain percentage. LLDPE-NR/ SiO 2 can be a good insulator compared with LLDPE-NR/ TiO 2.
Introduction
Polyethylene such as linear low-density polyethylene (LLDPE) is obtained via the copolymerization of ethylene with various alpha olefins. They have grown in importance because of the specific properties that can be obtained by varying comonomer content and polymerization condition [1] . All nanocomposites show significantly enhanced thermal stability compared with virgin LLDPE due to the increases of the effective activation energy during degradation process. According to [2] the dynamic mechanical properties of LLDPE/nano-SiO 2 composites had been improved comparing with the corresponding value for LLDPE/untreated SiO 2 composites. Researcher [3] has performed morphology, electrical and water treeing behaviour testing on LLDPE with the surface treatment of the silica nanoparticles.
The dispersion of a very low ratio of inorganic particles having at least one dimension smaller than 100 nm can create a network of chemical-physical interactions inside an organic matrix can enhance some very important characteristics of organic dielectrics, such as the thermal stability and the mechanical strength, together with many electrical properties [4] . The most commonly used inorganic nanoparticles are SiO 2 and TiO 2 in order to produce new materials due to many interesting properties. Condition monitoring technique such as PDC measurement can be used to predict the remaining life of the electrical apparatus and also reduce unscheduled outages, improve maintenance planning and increase system reliability. Analysis of the fundamental dielectric processes has shown that the polarization phenomena are strongly influenced by the morphology and degradation of the polymeric insulation. Therefore, research into the dielectric properties of polymer nanocomposites based on PDC measurement wou l d provide invaluable information to further understand the electrical insulating performance o f polymer nanocomposites used in high voltage applications.
Sample Preparation
LLDPE used in this study is a commercial linear low density polyethylene from Titan Chemical, Malaysia. It has a density of 0.918 g/cm 3 , a melt index of 25g/10 min. Nanoparticle of silicon oxide (SiO 2 ) and , titanium oxide (TiO 2 ) is made from China with a particle size of about < 50nm was used as filler. The filler was dried before use. Natural rubber (NR) grade SMR CV 60 supplied by Taiko Plantations Sdn Bhd was used for blending and mixing with LLDPE and nanofiller. Polyethylene nanocomposites were prepared by melt mixing at 165 0 C using a Brabender mixer with chamber size of 50 cm 3 . The mixer has a high shear force and the screw speed was controlled at 35 rpm with the mixing time of 2 min. The polymer nanocomposites were finally prepared into square shape of 10 cm x 10 cm with the thickness of 3 mm by hot melt pressing at 1 tone pressure at 170 0 C for 10 min. Four types of LLDPE-NR nanocomposite square shaped with adiamension of 10 cm x 10 cm were prepared with concentrations of nanofiller of 1, 3, 5 and 7 % wt respectively. Table 1 shows the compound formulation and designation of LLDPE-NR/SiO 2 and LLDPE-NR/TiO 2. 
PDC Measurement
The polarization currents measurement is performed by applying a dc voltage step on the dielectric materials and depolarization current is measured by removing the dc voltage source incorporating with a switch which turn on to short circuit at the under tested objects. The dc voltage applied was 1000V for about 10,000 seconds for polarization and depolarization time. The principles of PDC measurement is shown in Fig.1 . The test object can be a single dielectric material or an arrangement of several dielectric materials in series or in parallel. From the measurements of polarization and depolarization currents, it is possible to estimate the dc conductivity σ, of the test object. If the test object is charged for a sufficiently long time so that the dc conductivity of the composite dielectric can be expressed as Eq. 1 [5] [6] [7] [8] [9] , where ε o is relative permittivity, C o is geometric capacitance, U o is step voltage, i d (t) is depolarization current and i p (t) is polarization current.
(1)
Results and Discussion Polarization and Depolarization Current Analysis
The results for polarization and depolarization currents measured for samples in group A are shown in Fig. 2 and Fig. 3 . Based on the plotted graph, sample A5 has the lowest polarization and depolarization current value. This also means that this sample has the lower conductivity level compared with the others group A samples. Sample A5 that contained 5 wt% of SiO 2, shows the higher resistivity based on the lowest polarization current recorded. It is found that the amount of 5 %wt of SiO 2 will give the optimum composition for LLDPE-NR polymer in order to increase the resistivity of the material. Fig. 5 show the results for polarization and depolarization currents measured for samples in group B. Based on the measured current patterns, it was found that adding of TiO 2 nanofiller from 1 %wt to 5 %wt, the value of current was increased significantly. These results agree with the fact that the TiO 2 nanofiller is a reactive semiconductor filler and it is not good for dielectric application. 
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Conductivity Variation Analysis
Polarization and depolarization current measurement enables estimation to be made on the condition (moisture and ageing) of insulation with different conductivities. From Eq. 1, it proves that conductivity of the insulation is influenced by polarization and depolarization current values. Fig.6 shows the conductivity variations for LLDPE-NR/SiO 2 samples at different amount of nano filler. As seen in the figure, the conductivity of LLDPE-NR/SiO 2 is decreased as the percentage adding SiO 2 nanofiller increased from 1 %wt to 5 %wt. However, when the percentage of nanofiller was further increased to 7% wt, the conductivity becomes higher than the sample with 3 %wt and 5 %wt. Sample with amount of 5 %wt SiO 2 nanofiller becomes the best sample as it has a lowest conductivity compared to others in the same group.
The higher value of conductivity of A7 as compared to A5 indicates that the SiO 2 nanofiller more than 5 %wt has reversed the improvement on the dielectric properties of LLDPE. This is because the filler will agglomerate in both composite samples. Those observed in the sample are clearly larger size of filler for higher %wt of nanofiller. Addition of SiO 2 5 %wt as filler will do more improvement of dielectric properties and lower conductivity level as compared to other composition. The properties of SiO 2 nanofiller as dielectric filler tends to improve the dielectric properties as a good insulator. 
Conclusion
Conductivity of LLDPE-NR/SiO 2 and LLDPE-NR/TiO 2 have been studied in this paper. Based on the PDC measurement results , it was found that the additional of SiO 2 nanofiller at certain percentage will improve the dielectric properties of LLDPE-NR, while additional of TiO 2 nanofiller will make it worst. LLDPE-NR/SiO 2 at 5 %wt of nanofiller has been found to be the best composition for HV insulation in term of lowest polarization and depolarization current values and lowest conductivity level as well. The trends of the conductivity variation were found to be dependent on the polarization and depolarization currents. These trends can be used to evaluate the condition of the insulation.
